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ABSTRACT

A Nm-ned_ saxiy was conduct_i using Fluent computer program developed by Crear_ Inc.

The objex_iv¢ was to d_zmin¢ fl_ flow panem between two se_s of baffles in an experimental

reverse-flow circular combustor, designed for enhanced mixing and NOx reduction,by varying the

position and spray an_e of the fuel rejection nozzles. The segment of the combustor that was

investigated co_ of two baffles positioned on the upperface and two °n the lowerface of the

combustor_ Heated air at 300oF and 3 atmosphezes pressure was mtroduce_I into the' _

combustor with an inlet ve.loci_ of 100 ft/scc. The fuel, pentane, was introda¢_l into the main

.s_am. via fuel. inj.ec._ioa.nozzl.e_ .There were four t,oz_les, two..,on.ihe ilpper and two on the
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Figure I2 - C.a'c_ss-Seefiona] Tem!_-_na_.e Dis_'butions f_- Case 3
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Figure8 - Te_perar_e D/s_but_'ls in Coa_bust_ forCase ]
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l_gu_ 6 - A Campa_,:m Ix-rwe_mthe Nu.mcricalS'u_ula1_0n_ d_¢Flow and •
Randomly ,_qected_ow VLsuaRzadonImmg_.

-.-_._-'.:....



.°

- o

_° ° LJM_



• !
+:.

l .
i i _mM

"_ __ _...-7T7__/

" _lr._.-I_
m

__.. -

_

.

-- _- .=+

_- +_.., _.7--=_.._. + _. .... :'-.. ......

+

- 1+

. .,++ + .



• a. •

", . _ ,- : - _, _ ._



| •

_2 OH_ _ AL.REVE_S_FU_ _ CO_JSTOR

¢xxnix=4_ exit.

studiesare needed to _ _t intothe d£f_:es _ween the
te_pe_tu_e _
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TABLE !;
51nvnvt_ QF _OR CA-_S

AND EXZ2"_11J_ RESUL23

!

2

$

4

5

6

120 4S 50 24 2970 4630 _ _

30 45 50 24 3480 43_ Oms:r 4,100

120 10 50 34 2700 _ Side 3740 0._

120 ¢5 :5 24 29OO 46OO I _ 393O O.O3

45 100 24 :3330 4630 I Side 41020

30 0 50 30 3220 _ I Om=r 4110 0,353

d_p dxe wxs the same k_" Cases 2 and 3. d_e dlffexence _ the rests cm be _
_o _e i:dtLal fuel c:_:_zion m the ah"s_catm.

C._mpL-_mg Cases ! and 2 shows th_ the IFe_t_ fuel _ into the
combusm_ volume assoda_ with the hisher h_d _jec_m vekx_ had •
ck:t m the te_F_-_._ d_z._.,tk_ The _ m_e c_ the kd SlX'_ of Cue 3
_ _ d_a_ofCa_ I re_ked _ a_ _cmmHorm_ c__ __ a__

o:,mbm'tor ¢dt. F_'haps the ze_ sFnty ml_e used f_r Case 6 b I_herea._n _ it d_
nm sho_ as _ a teml:_-_:un dL_c_do_ as Case Z L'v_ d'_ul_ 8._ _el st:_s

X more _-est_ n_l_ wus e_a_ a Im3er cl_p _emr _ve a hlShe" mean
u=xpe_n.u.e as wen as a mm-e _ _ as _n be seen by mml:mr_ Cases
L 4. and 5. The ionS_" burni_ I_nes o_ the lars_ c_:_s mY l'urve k'd m mm'_ unth_'m
mtxL_ with the a_'.

It mint be kept h_ mind eut the pdma_ ,_.,_-, :oc_.,-wha_ _w furl J:PrR5
are located,isfud-dck, _ a k_d-dr ecFdvale_ce_do dut f_cremeswl_h 6_ce
h'om the fl,det up _o a value af 1.40. Alrb_m>duced h__e se:_ _e_ hu a _wq;
eSe_ c_ thetempmmme _ RIF_ ,L sho_ _',_ _mpe=_ _ k=
Case Ialongd_elengtho_lhe_. atd_eo_ s_l nea:rthedde wail A_x_g
_e cmtedine, modez-_tely h/Sh t_penn_n_ are aev_op_.d b_. _e end c_ the
zone. The ch'Itmon air in_:luces • cool cc_e flow tha_ pe_ists m the mmbusmr _dL
F_n_eve:".at the s_de,*rail _ere is • cool core flow well!rim the secondary combustion
zone.. The hd_h_'_ t_n_peramres an found at the tides near the irmer wan at the
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m_b=coon_ u_ o_,sux. _ oa_r _nsuuun of u'wsm_u_ _ _m
nozzim. Th_ 1=_ m_ im.l_ eum u_ pdau, q o_s_r baB,eL

lqSus.e 7o shows the flnl_ diffemnct I_ld used. The I:mstcfp:id is L1 x D x 76,
w,sth _tditiau/ _id 8nes _ at inch fuel Inia:mr iocat_x. The in)ecsoes are
snoddect m s _ dr _ and s fad d_5_et runty. The sir _ is sized m ttunc
Its ams-wcUaml m_ md vekx:_ Sire ti_e pmpa" a_"flow fro.fuel _ 0:reed
m a SSprayva:tor ms:mdzer with zir ft_e:tioa tiu_q_h m _ 0.5 kn_ in dfsmet_ m_!
o.o02k_ch_ 'l:hefuetspmyU mode_ m J3urmusm d dmt_u _
to thej:,urSquidfnject_ lmim_mthe__ ._ ket mmmssmg tram
ks:stfom in the ccmdms_ _ to tl_ ends at the stcsntzz_ dmut om Inch
from the _ red1. 1he dmp_ cSmeu_, wioc_, _t U_e dtnc_ of the
dmp_ mo6_ 0nemm_ wtth _ to tf_ _ _ u_ _ wt_h ts nousud
to the axnlmsmr _wdl) m-e inpuu to ttw cslcnlaOon tlut curt be vm'ied far inch _
aknltt_ "lhe fuel mass _w mte wm _r_scect m puxtuce m ovusn equl'vala_ mclo

T_e r shows the _ inlet _ as specked for the _cma.l

--, ,o100 z :xo
_,sm_ with et_e_,w au a_r_t to _ amm,usll equivala_ moo o__.

TABLE I C_vfBr,_l_ _ CC_q_IT2ONS

_ ill

Ms-

Cmdm

Cdd Ple_

_zsma_t

_mm

14-,--
mS.Sl_l

l.m
fl4_t

"f'eml_'_me

,G_K
O1O11

¢_oom

_K
_m

F,m.tf-ds_sz. tfw rud injea:lm vdodty _s 1.20P-Jse_-'l'lds value w_ _uds_
_m the fud flow r_ m:iuk_ m_d_ U'_t a_ tn_'c_ h_t _ouz"fud ori_z:es•
0.047 imh k_ diameter. Becauseolrth_ hiSh fuel weloc_, it was estLu_t_! ttmt the fuel
sp_ ,eq_e w_u_ mspe_ m m_ iniecn:n"cu'_'lis_ wm _ _ T_d__
w_s mmxmed to be 50 mi_xts. - -
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mzln z_- _ wins_

the _w and bed:insto expedencethe e_x_ e_ the sec_ p_ of b._.
phenomenm_s_ d_etothec_.e:! _ c_themmbus__ theb._es
_e/_Ive m _e ma_n_ow. A parCh.Of _e _ _sse_ _g _ _e M_ In
_,e secmd and th/_d fr_tme_ -"

axie12imd the_ow Imaff-ea,Aknagesshaw s hi_ veloc_aurad_,mel flew
_pude_ byI_CZ m:_:c_ea_.

A series of oq:_dmen_ runs were c_mple_d W s_udyE_ and m_dn_ _
The nuJn Oow w'_ s_ _ 2._0 5CF/_ {_ 1_ psi,). The a/r hl_ in_:_

was opcxated ove_ an es_maeed dmple_ ran_ d 60 an I70 m/c_un.s based an
_da_ The pressurewas setattheIowe_ nmge tn:temsldee_the
re_ended opera,rig pn_.a'e range( > _0 psi_. 1"_ pm_o_ nmge was_ ps/g"

_ 60 m_a_n s/ze d_let and _.S_ _-t_ _0 mlcon dmpl_ t_ s_.ula_
_ emslneo_ =_dleom_ The amperev,-_o_ _ lO00bmnes per
se_ru:! to photoiFaph very n_id Lit mo_:m _'_1 h:s_ w'_ lic/uid ch'aple_,. The
low nozzle imessu_ mn_ th_ was used oused dr_let coalescu'_.

_AT_ONAL STUDI_

em,_,walland two antheirme:wallThesetmt/]esa_e2,8itcheswhichand 3.0_
and e=end thefunwidtho_t_ec_e_e_. X fuel in_rlau:miT._islocated

_o/eachba/fle, mkiwayberweendw tw_sidewalh. (_gu_ 7).Tb_efuel
Ir_ec:un/atom17Jmareef_hea/_-blast type. with •hi_ vdoc_ _ _ _dra0m_,_
liquidfueland mms'par_ _.intoe_e_bu_ volumein• dim::kma_
rummd m themean flowin_e c_u_ur. Two mare pa_ ofbafflesarelo:ated
do_ms'_'e,_m_onea_the_'ddse.c_onof thecz_ts'_:, _e o_c_ do,_r_.n_ c_eat
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1_c main dannd _w -_s _ by a sank ah"ampa_. A__
ar_._lus at M - I educ:_dy drew _a_ _:r ,n _ a subscan_ ,,_nezk _r Scow.

T_ _ b_ fudlr_aczs_ _ byas_l_-m, n_u_ect_ mpply,
(Fs_-um5). T/_20tn_::ms weresu_llat fromacus_x_nm_old. The fuelportc_ the
k_cx_ cu_bt suppIk.dwithsicsmo_ ar wsu_chs,_u_hm,cxh_ _ ctzpzndtnS
uponthe c_c_ ot _rw vJsusJiz_tmcq_s_na_

m

The _me_-awas _ _ _otheS_w and b,_ _e_ _ _

15 == lens_ a _0 _/'/._ sh_ was used_ _e m_dy. Tm f-stop
w_s vadedhorn2._4_,w ._ _ a_ mod_.

.-- - ." Z"

To dzt'e_nine _ thz a's_a'e o:nnbustor vohzaw w_s bein_ at/Fu:_ Bow
_ studia wez'e a:eductaf wi_ blue dyed saz_ tnJec_ _to tfw mstn
mzm sir _ow _ s IIS_ ldue _ m_d t/_ wh/tz sm,_ _om s/,_
S,ma-a_r was b_ec_d as s wr_m_ttd. _-_n su,mn _ 5/8 _:h _ _ _c_
the _ed ws/l of the combusa_c:q_s_mto the cunm_. T/w flow pmum.nwas
phc_srzphed wflh cokn"film. The wh_t_jet s_emnwu drswn h_o the main _ow
between _z _ ae.:l 3rdMCZ and m/xed with _ _te blue scream
ex_e_h_gt_e sec_cta_ a:_n_'_, th_ no short _n:_g was oct:s_h_
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The low pa_crn_,'assu_ct_,dusi_ sk at7"_Fwitham aver4_veloc_ot3a
ft/sec.Samke was Inaoduc_ kzo themain ft°wviaa _ lpmerau_a tk_w
su.zil_er,and a _.vcK t_dxx_- inizcsimnozz_ _e flowpeum_ was
_ ,,_, _ s_.alam_ _ I00Inchesper*a_nd.

CeMn_ _ _ susd_ u_ng the_2JI_4Tmmpuu_ codewar
undatak_ t_supporttlz_ o__ _ desll_An__
snoddwas devdopzdandusedto_ tf_effu:ud furlfeb:mrdesISn onthe
_ _ _ me _ wuh pse_uUc_ m the
eombusturexit.

with equationsfor_ and chemlod species.The fluidiss_,Iptrdedas •

clvm_alz_.ac_.

FLOWVISUALIZATIOHSTUDIES

^ smoke_n_ratorw_s usedtotnje_mug_ Intot_ mainsi_flaw.The saz_
was•highmolecularwe_i_Cpo_ydncak_ The_o_gr_e_ was_
_ a I footI.D.,_,betapexingdown m am U inchI-D.cube- Itc_udnecla

comn.uc_ to axm_ t_ smo_ v_mz sncl tf_ _ c_ tl_ smo_ i_a:t_n _ks_

pol_-th_ meduc_late _) in the _,,omca'y o_an 8.5 in_ I.._.duc: wil_ •423/4
h_nesracUusand •_ 3/4 inch oc,u_ z_dJus. IS3_'st-s_se c_ six M(_s m_!

six tnjecu:msand the _-su_ a)n_ns 4 mi._dng)ecs- Th_ m_ do_ _ot _
MCZ's.

°
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